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(54) PRODUCT COMPRISING STRAIN LAYER QUANTUM-WELL LASER 

(57)Abstract: 

PURPOSE: To provide a semiconductor laser, based on such GaAs 
as radiates at a specified wave length, while comprising at least one 
quantum well which is held between two barrier layers, selecting a 
quantum-well composition, so that the equilibrium lattice constant 
accompanying the composition is different from that accompanying 
a barrier wall layer material. 

CONSTITUTION: This product comprises a strain layer QW laser 10 
which comprises a self-matched structure, based on GaAs suitable 
for the radiation at a predetermined wavelength in about 0.87-1.1 urn 
wavelength region. A semiconductor material which, at least 
containing A! is not contained, so such the laser can be grown easily 
by MBE is contained. An active layer comprises at least one QW of 
a thjpkness smaller than a critical thickness accompanying 
transition formation, while the QW is held between two barrier 
layers, and a QW composition is so selected that the equivalent 
lattice constant accompanying the composition is different from 
that accompanying a barrier wall layer material. In particular 
selection is made so that a forbidden band energy of an appropriate 
layer is larger than that of an active layer. 




LEGAL STATUS 

[Date of request for examination] 23.08.1 999 

[Date of sending the examiner's decision of rejection] 01.04.2002 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 



Searching PAJ 



2/2 



rejection] 

[Date of requesting appeal against examiners decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



t 



(19)B*B#!Wt (J P) 



<ll)»flPUMM*HI#* 

#^¥5-226789 

(43)^910* ^5^(1993) 9^3 0 



(51) Int. CI. 

HOIS 3/18 
3/07 
3/094 
3/10 



F I 



9170-4M 
8934-4M 

Z 8934-4M 
8934-4M 



HOIS 3/094 S 





#^¥4-318049 


(71) 




390035493 














T * V*^ 






(22) &mn 


^4^(1992) 11^27 0 






7 7 ft 














AMER I C 


AN TELEPHONE 




8 0 0 7 7 2 






AND TE 


LEGPAPH COMPA 


(32)ffi$fc0 


1991^11^27 0 






NY 








*m (US) 






t* y 


m 10013-2412 ^ 


























^ y 


#X 32 








(74) 























(54) \&m<D%m lit^Fi^- tr^-g^i^ 

(57) 

[Bto] *«PJfi3ieS^#F (QW) ^aiflcu-if 
RWto X o ft u-if Sr*tf«ft^«S 0 

[«/*] 13:13:0. 8 7-1. l/iiD^gmM 
SfiSrttSG a A s SrSHi Lfcl Bl^l^-f (l 
0) &Wbti*\z£tiX^% 0 jfttSlQWl/- if 

#]J1, A 1 ft-^tf ft V\ #38Wfc:fi£ 

o. 9 8 am i$>\?^">fub Lxm^ztmm-e&Zo 



20 

19-*- 
18— 



17— " 

18- : 
15 , 



i 



10 



J* 



1 



—11 



— 16 
—12 



( 2 ) 

1 

G a A s irfiRj: UfeSBi^»*i/-f (10) £ 
#r*¥W*«R (li). S«±o1£»<7>^ 

SB 1 &tffg 2 Offitt^S (20, 21) mWnCO 

fc* 1 4>¥««M (12) ( "JB l 9 y K» w 4: J: 

. *KWJdT>'K-7 p ©*2^»fl5:JB (i 
3) ( "fS&m" bX&^Z) > -*2©fi*M^tJ: 10 
5^K-^*lxfcJI!3 0**#W (14) ( "fg2co* 

*m&m (i6) ( -najtjB" irj:*^*) **** pi 

\*it&*m3&r&1tlb\Z'<* — >j&titZiri % ffiriEPSJhJl 

a) 0. 87/zin «t9^<fil. 1/zm^TT* 

b) S1±JiHefir^tc#BfiL7tg6#J? tc .fcO/h*^ 

$c 4: fi* 6 <fc 5 KStR £ ^ t £ i" 5 SJp°po 
[»*«2] »*«i^E«o»,PbJc:*51>t, PiLitB 

s^ioii^ii, mstm^nm^mum^^ 30 

- (E.4) ^f4g^f+WUfc««^^^^- 
(E. 2 ) <teZ£?\cm$l£1%Z>m&o 

its*® 3] m&3%2\z.mm<o9t&\z&\<^T, e«4^ 

*2<0^?y KlI^ttHlLfcJtMffx^^ (E.a) 

BfflfaL*^— (E.s) A5*#E.« <E.s <E B 4 SrSSf 
cfc 5Kj1K3*i5Kdd. 40 
[HMtQU] W**2^IE«0»iB,^S3V^T, E.4 a* 
E.3 ±9*tV^«fi 0 

[»*5 5] if*^[l^c|E®(DS^ t a^ciov^T, aits 

- (E.4) *«JSHM^^ttUfc*fW*Br3:^^*- (E 

gt) «fc<9/h«*^<fc 5 Kilift£fr£®p p Po 

a A s T«»OSli*ffW^A l Srfi-Sftv^Bfi. 50 



^HB^FS - 2 2 6 7 8 9 
2 

W: n t tt-ti-V ^l>3 0 nm-C\ PtitJI 

Off £l±4>< 1 /zm -c&zm&o 

[oooi] i&m<D&& 

*«I^«^SS^#F (QW) &U^<£> 
[0 0 0 2] *j6W<Offft 

E r- ^>y**7r^^it«»tt, 0. 9 8 /i m 

7yft<fc7r^^*«*«rjBi. oi^ni^M-e 
tK > </ f 5 4: #*( J -Cfc 5 5 v n 5 - 4: * S *x ft: 
-4:^>< 4rtfl5»»fta*4:ftD, »0. 87-1. 

[0 0 0 3] HBRWfta*^J:9. *:7r>f'<itMHM! 

£><5 0 I n P^S^^-r^U— ifli, ^0. 9 
±0^tt&S^rt>T5r 4r^*ab;ftTV^ 0 U&>U * 
to J: 5 ft if -CH»PTtefc««H«*\ (Al^/il 
^l/ini^) ffittft»#K»S&fco I n P«:S 
«I4: iff*, 0. 9 4 ^ m ft U^J 1 u m O^IS 

k # > t° >- j/jfeit Sr^ri- 5 * ^ r 4 s<m%&<o «t 5 ft ffl 

»C»UTtt, S«]ft^T^ift^V>< o^^c^Sr* 

1rZ> I n Pfrmmt-tZ t^fi, I n P 3S§}ft237c 

iSV^BBffimSfE4:^Sft^^Sr l t>o 0 G a A 

s 4:S«Ift^4:<0^*J^M^ itt^W^^<, fc4:^ 

&tt$$t#ji&\,^mmmffi t xmh'b * fta«*ffl4 t^o 

^)^tt$:ft6Ga A s ^S^4r Lfcu— ifcoK 
W-^RTIBlClft^o «6oT. IJtfO. 87-1. 1/imO 

[0 0 0 4] L3&*Lffl*p"o«t GaAs^rlW^ 

&<Dm»m\±. -t-<x(og a a s zmmt Ltz&+m& 

u—iPtt. 0. 8 7 mid ^T0j^8^£rt>o 0 
[0005] 0. 87-1. 1 j£m R«««T-S^1-6 

G a A s ^£fi|4: ItllQWU- T^*P ^>tLTV>5 0 

/c<h^L^. • xj-#ir;* (M. Okayasu ) 

Fo^^^ • — X ( Electronics Letters ) , J25 
(2 3) t, 1 5 6 31 (1 9 8 9) ; ^ ^ • >Jr>f • 

^3^T (H. K. Choi) T-?7<< K - 
• U^— X( Applied Physics Letters ) , 5 7 (4) 

#, 3 2 11 (1 9 9 0) »IO:^ 6 L^^L. rtV 

«3S, ^^y^xnWatfcSi/MiJHf^*. lftv^Uffi 



3 

®{fcfetD^*xS*s^Tfo-5r iris, J:<*qibn-tVN 

*mfcntr#*«>— (MB E) SrfflV^B*, #ICPo^j@-C 

[0 0 0 6] ea«E^«aESr*i-SU-1ftt^BaE*U 

— 1fte&k*xT^<5 0 fci:*.!** • ~ K (M. Nid 
o) T-f • 4 — f — f — • v^— • • 

• xl/^ ( IEEEJournal of Quantum Elec 

tronics) , $Q E-23 ( 6 ) #, 7 2 01 (1 9 8 
7) ;^f^ (H. Tanaka) X 

. o^^-j-^, . . 7-7=7 s( K • 7>f v?y ( Japan 

ese Journal of Applied Physics ) , $24 ( 2 ) 
L89I ( 1 9 8 5.) 2ft.U*3i-f ^ . (H. Tanak 

a) b, jt^—^-JV - - 9 V *9 /l* - 7v ( Jour 

al of Crystal Growth ) , $111 #, 1 0 4 31 (1 9 
9 1) &&m<0^k 0 «Sf^)GaAs^Ii8^Uc 

LfcE. SrtolSftG a A s tffl!it5^4l«ME 
Ufcl^fc-CfcSo «*»GaAsMi: 
Lfciai*^ iff*. Al«r&tr¥* 

^^-fl-* (H. Tanaka) (±~e§| 
ffl) tt, 1 0 0nm»<D*.C0^ett<M.iS»5J: 5^, G 

a a s m<»tt&«htz'** - >M&Rzfmk&<£^ m 2 

[0007] l^l^jov^r, SUtiKAtftsffo. 8 

7-1. 1 /in l^fcSG a A s tSKji: L^lBl^ 
MotMWIft) ¥*{*u-1f*3Bl-rsri: 

[0 0 0 8] JflgfttWfe* 

"*^#F" tt;JB2coiart^ a l £ ##»5|B|.^tt:S 

Lttv*±5te. il*R£*,£ 0 tl«3 0 

[0009] -c<o^«sffl*fi^f+RS Lfc M m&m=- 



3 ) #1?5- 2 2 6 7 8 9 

4 

[ooio] fcii/- if*sff*t«ftb, ::wi/-f 

io v\ 

[ooii] *&w<pwm 

fcmia^ *$SWtt§BS^«a&Sr*U «I3l0. 8 7 
-1. l jum ojKA««*o*>C>^C«)»«)btbfe«A 
<D£fc#tl;iagLfcG a A s £rgflg<b L7c3Ijf QWU-if £ 

tt, A 1 &^tf¥»ft:*m*^*f\ ^otMBEia 

[0012] «fc 9 AffWJctt, **9§U:t£ 5 if tt, 
GaAsSfc SSJiO^O^t^^ri/^/^^g 

20 xt;g*^rati«^«t^srss^t 5^i 

(*H»^ttK-^Stu<cv^ W$2^S*1, $2 

JMo^SWWltt. "»1^7y Kg" , "^tt 
30 g" , "12^77 Kg" XT/ "ffljhg" ^ Ltf Ui 
J:im5 0 n#^T/ (n + 1) ^(Om (n= 1, 2, 

[0013] g4o (Rftjh) »ttajh»«f^H!a («o 

*aSi-6^:«)^^-^j«$ix, if 

oifc^frTTf.-^w^biajtJiwwsrjrt, $2 

[0 0 14] ISiltlt #8«OGaAs*S«i: 
■rsSBfi^^ifli, IJffO/87-l. 1/xmjKA 
««^<Ofcfe36*C*»*&*tfe«A-C»«U 

50 ^—^5 (P£ih®(7^^^t-0^r^^0plfgt4life5 



5 

[0 0 1 5] tzt^l^ sMSIBfctS? !ftt. In. 
Ga,-. As. In, Ga,-, P (LtfLtf, -tivCTl 

"I n G a A s " RTf " I n G a P" £^£;*X&) Si/ 
G a A s xe 0 ^ =Jr^t^l^^ WlCttS G a A s I 
4ESr&tfo JH*PG>J: InGaAsltGaAs^li 

£*JP£^-£;L£riSi&^Tfe5) s inGaP|j:y = 0. 
4 9 tf>4§£\ G a A s ^t&^S^i"5o 

[0 0 16] *mw^feoM&(Dmte, 5 
0. 9 8 /ZD /tf^f^u— ifSr-gf'tf^t^r-Y 
T£>3 e 

[0 0 17] VHoj^gg Ui^llM^SIffl^lga 
*«M*>liJfc09 (io) as, Hi*^«»tt^»3a»nr 

t?(H) tt¥*ft*R (tztz-tin* G a A 
s) , (12) liSKO^yyKI fttttfn In 
GaP) % (13) ii (1 ft^L^ifc^QW/ISrg- 
tiO SttJi ^ (14) U»2^5y 
Kg ftiitfp InGaP) s (15) 
CTHWSaiy^ffJhJB (fcktL&p G a A s ) . 

(16) ^^-^fig^n^SaihS (tzttLtfn I 
nGaAs) . (17) ttj^SI^ DTK W 

(fe^lfp GaAs) , (1 8) «5S^53U<Z)^7y 
KJ1 (fcir^tfp InGaP), (1 9) te**^ 
JB (fcfcxJip* G a A s ) N (20) W (21) 

AuMAu/Sn/Au) ££1"o Hlfi^fLt* 

r £*^LTl*5<£>Tteftl^ lft|$^-efc5 

[0 0 18] H3Rtf 2f±*ft^*ftAA' MBB' 

^fo *^ (2 8) tt^?yK (18) <Dfi*#JBSr, 

(2 7) ll>g&&gjf (1 7) CD^ti,£: x (2 6) tePBjt 
Jf (16) (D^K*. (2 5) ttaLj^fltjhJB (15) 
<D^ti£r. (2 4) Mt^9yKJI (14) tf>^;ft,££ 
"To J£fc. (2 3 1) SO? (2 3 3) (iKM(9fi 

(2 3 2) fiBMS^flS^ttfcQWO^n 
«r£i\ (2 9) HQW^f*SiL^:*ifi<OSji£3:^ 

A^—l^/P*:**-. fffi¥{-1"£fc£u tztz 1 o/ctfeo 
Qwa^SttTV^o (2 2) fi^7yK 

1(12) <Ofia»flffl»«r*i-. #fc**fl5«^**Btt* 

sttTv^v^ »^^ttflcos^*«a^t-*ruT N 
[0 0 l 9] BW»6fea**J: mi<DMMmnmu 

(16) Sr^tf, JEK, P&itJf (16) ©E ( 11^ 7 ^ 
KS (18) oe, («£oT N -« 



4 ) ^¥5- 2 2 6 7 8 9 

6 

(16) OH»f*li (18) (DZti£*)±Z\t^mL 

^) mwi&m (i 7) laot, 
[0020] %m%w&itm (i6) oiariisr, Pflih® 

»M^7 5/ KS (18) coe, J:9*#ttE. 3rt>o 
OfcoT (16) <7>@#r^te (18) <fc!M>$^) ±5 

a***, «j£lgj| (17) «*K»»c«;CTK»tixtfJ:v\ 

10 [0 0 2 1] *%^COl^glJ^IM(| (4 0) HI 4 
K««WK»jtoh/0** 0 KJf (4 2) 

(fcctxtf n InGaP) , gtti (4 3) Otkz. 
tfi-CJfi^fc <fc 5 fc* SttBQW<7>jflfiKf4 I n. G a 
i-. Ast, *l£;itfx = 0. 2T£>£) . ^77K 

(4 4) M (4 8) (tikjL&v InGaP) „ PE. 
±m (4 6) Sr-S-te, PlJt«Jia«OQWSr^tf. QW 

5 0 fc^xtf. irttfc LPUhHQW^y z x (ft 

20 £xtfy = 0. 2 5) WMln, Ga,-, A s 

[0 0 2 2] a*#tt*»W0KJH«?!IW: % RiRtiiL 
9o »JRo1f#W**«u ftkzii* (4 3) i: (4 6) 
Mfc#-g\ HJhJI (4 6) OffStt. 'X£t>0. U 

«xttia«<o»tbS:^Ds^e>Tfcs 0 t*,^^, qw 

[0 0 2 3] BH^*KWl^*ix«u— J^T^ 

J: 9 t-f^btL/c 0 (10 0) n* GaAs^x/slt^ 
iS^V— 7MBEC«t OJll^s 0. 2/xmOte^S^L 
^iBI&^^bfiRS^y^rJl (lO^n* InGaP 
/GaAs ;#I(j:10nniOj|:$) , 1. 5/imOn* 
InGaP^yKI, 0. 1 n m (DG a A s <0%\\<Dm 
Di&fc^nflKS (SCH) 2 OnmCOGa Asi"C 

5>i$llf:3o(D7nni(7)I no.2 Gao. . AsiQW 
40 0. 1 /im ©GaAs SCHl, 0. l//m^)p + 

I nGaPlll, 1 0 nm(D p ' GaAsx^fffjl: 
iB> S.t^O. 2/imCDn' I nGaPPl±l^S$t 
tc 0 S C HI/ 3 Q W/ S C Hl^ll^lj:, 1211©® 
&m (13) K:*ME:f5o 
[0 0 2 4] ±CD|gl 0>fiMta%TLfcflK ^^^H^i 

[ISi] 

< 1 1 0> 

50 J»a^rp]^»-3^«-fflO«OS id «^ h7^^Tv< 



( 5 ) 

7 

2 — lsj&f$t£htz 0 ^^^/W*13 : 1 HCI/Hj O 
jgc^T. SiO: ^:y^**&tfn* G a A 

[0025] /nt^or^jfi^ a»**ai^*aB 

lit^T I n G a P-C*>5 r t l:«<J< T*5 5o -ft 
tt£ * lc*#J4*f|n?, tixtttLGa AsdSgfcHSiX 10 

m&<D& 0 \Z S G a A s te*®^t^<D&gft*2UO|5] 

[00 2 6] I2^gli0. I vm G a A s 2g$t 
1. 0/zmp* InGaP^7yKiW0. 2 
Mm p* GaAs^t7^GSMBE^f>So 
tic W2:iito6**tixtf, t^InGaPllil 
n o . 4 s G a o . 6 1 P»^aE*»fi8Sr*U^:o fi8*tt5 2 0 

K-^^nfc e 20 
[0 0 2 7] i2(OMlS^7Uc^ 
0. lmmfc»< U **t^np»tfn»»attJii:U'C, 
fflfffOj; 5 CAu B e/T i /Au^Au/S n/A 
u^^^b^iiryco ft!-, ^^ftfaO. 5mmX0. 5 

[0 0 2 8] igSttfi&JtJl*^ **L-P*l,2. 

4. 5 nm m<DMK&m*tz (±seoj: 5*-f^»*tb 30 

fc) AR/HRM^-f(-O^T0CWl^T'-^(0 
m. 0. 6 8mW/raA Wtia 6 

[00 2 9] H6U2. 5 fxm (Dm±mmH^ir^± 
/We— K"C, 3 0dbU±<D-^^ K^t- KfflJJEJfcSrWb^ 40 

3\ »*a*^i7-*'c«*s^ 0 sa»tto. 9 8 

[0 0 3 0] m7tt±j£<D£ 5fcf£SBS*bfc2. 5 /i m 
BB?L«OU— ifKoV^T<D3 0#V>L 1 4 5%:<Dmgt\Z 

&ttzmw)mffittm*}'<7—<DT—*m&7F-ta tf 

12 1 3 0K<D&&mm (To ) £^Lfc 0 £JP*Sr*;t 



4#|^3p5- 2 2 6 7 8 9 
8 

3b*ttffi 8 2 % % J^fttt*ttB&ltttt 1 2 cm' 1 "Cfco 
[00 3 1] ±&4>XJMtt* A 1 Sr**ttV^ajflc^ 

\^£tiit&o*mm&h^&s t^yv (12) &t>* 

(14) ten Ale, Gao.« Ast ^y^ftlkJI 

(15) ttp A 1 A s , ffiihil (16) &tf * 7 * K 
(18) ftp Alo.4 Ga... AsTW:i:^ 

So 

[0 0 3 2] IH8H^PJ^^9SaD a DCO^y. i-/«Cte*,3fc: 
*«*® (8 4) ^tfTfe^T^^iimv-^^A (8 
0) fcttftttfc^-To ttl. 55m« 

g<£>) ^^tLfc&M (8 2) i*. L 

t, (si) 3tes77>r^ 

(8 3 1) ftf-M^i**^ -£*b£ri§LTii*I3g: (8 4) 
£-eei££*u JMB£*u JEfcfiai 7 r>T'< (8 3 2) 

(8 5) *t?eastL, *r-Cgffir£ixfc# 
«#^JC«bTtB*«^s*lS5, 4IH« (8 4) liffl 
SOS^^ (8 4 3) KJ:*), -^f^^Er 

?yt7T4'< (8 4 4) lc*S^^ix^ii«cojSS^fi]^ 

/U^/l^U" (WDM) y^y^^t^, ^30. 9 8p 

offiSO/jfyfy^M (8 4 5) te, #*9itf>w— if 

iCfcfl^C. (8 4 2) (Dztf^fcT^r — 

Sit, E r - K— ^r^f^fSrW-S-iati: 

if (8 4 1) &mm^zmm&mfe-rz>itib(D^ 

imi] *389IfcHE5 2ocou-if(7?CT$raii»«)tc:lSv^ 
[El 2] HioWffiBB' WAA' lc^bfce»» 
[B3] Sll£>ISr®BB' WAA' fcWttLfce** 

[si 5] mmmM*tmtt'<?— ©f- ^coc»j^i-0-e 

[S3 6] ftS^a^^ft^— ^(OftlSr^i-H-CfcS. 
[B7] SS&«dfE*ffcb^^y— (D^— *CD#J£;^1-|g-C 

[as] **wic«e5»iao^ sn*,*38Mjcns5^> 
i o mmm 



( 6 ) 



i l *a?#SS 

12 Sl(D^7yKI 

1 3 fSftS 

14 i2(D^7 5/Ki 

1 5 ^y^w±m 

1 6 PlltJf 

1 7 ftagtjg;! 

18 y YM. 9 *7 v Y 

19 **3>;/Ji 

2o. 21 mmm 

2 2. 2 4 ^77 KJf <£>e>£^ 
2 5 m <y ^ffjfc Jl Ofi^fS 

2 6 Piih@oe^« 

2 7 ^75/ K^fizg^* 
2 8 

2 9 SSx^;U^^ t/-</b 
4 0 



10 



4 2, 
4 3 
4 6 
8 0 
8 1 
8 2 
8 4 
8 5 
2 3 1 
2 3 2 
8 3 1 
8 3 2 
8 4 1 
8 4 2 
8 4 3 
8 4 4 
8 4 5 



4 4,48 

Sett 



$5pK?¥5-2 2 6 7 8 9 
10 

^ =7 y Kg 



2 3 3 illOfi^M 



imi] [B2] [H3] 




0 100 200 300 400. 600 

« » (mA) 



&m¥-5- 2 2 6 7 8 9 




(72) (72)*9J# 
7^ y #^*[S 07922 — a — v^ — > 

7 V^-^— 54 

7*V2?&$tm 07080 = a — v^ — > 
7\s<<* 1930 (72) 



7^y #£**H 08817 =-^- — i?-Y— > 

<< , ^"T 4 V V, ^ Uf^ n — K 43 

T^y^7^*g 07974 = » — S^ — S/ 

d — K 16 

T^y^^g 08807 v^ — v- 

u — K 804 



